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Rearrangement of dehydro-L-ascorbic acid 2-phenylhydrazone 3-semicarba- 

zone to a pyrazole derivative 
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(Received July 19th, 1982; accepted for publication, August 1 I th, 1982) 

In continuation of our work on the synthesis of nitrogen heterocycles from 

dehydro-L-ascorbic acid mono- and bis-hydrazones’-5, we describe herein the 

rearrangement of dehydro-L-ascorbic acid 2-phenylhydrazone 3-semicarbazone6 to 

a pyrazole derivative. Some of the 4,5_pyrazolinediones have shown great biological 

activity7 - ’ O, and this attracted our attention to preparation of more of these com- 

pounds. Thus, treatment of dehydro-L-ascorbic acid monophenylhydrazone (L-t/no- 

2,3-hexodiulosono-1,4-lactone 2-phenylhydrazone)“,r2 (1) with one equivalent of 

semicarbazide hydrochloride afforded the 2-phenylhydrazone 3-semicarbazone (2). 

Boiling of compound 2 with liquid ammonia afforded 3-(L-threo-glycerol-l-yl)- 

4,5-(lH)-pyrazoledione 4-(phenylhydrazone) (4) on the basis of elemental analysis, 

and infrared and mass-spectral data. Its infrared spectrum showed carbonyl absorp- 

tion at 1660 cm- r (OCN), in addition to hydroxyl absorption at 3450 cm-‘, and its 

elemental analysis agreed with the molecular formula C12H,4N404. The mass 

spectrum of 4 showed a molecular-ion peak (also the base peak) at m/z 278, corre- 

sponding to structure 4. This was followed by a series of ions arising from elimination 

processes involving the sugar moiety and the heterocyclic ring. 

Acetylation of compound 4 with boiling acetic anhydride afforded I-acetyl-3- 

(tri-O-acetyl-L-threo-glycerol-l-yl)-4,5-pyrazolinedione 4-phenylhydrazone (6). The 

infrared spectrum of 6 showed carbonyl absorption at 1660 cm-’ in addition to an 

ester band at 1740 cm-‘. The n.m.r. spectrum of 6 showed three acetyl-group signals, 

at 6 1.87, 1.93, and 2.00, in addition to an N-acetyl group signal at 6 2.35. On the 

other hand, treatment of compound 5 with benzoyl chloride and pyridine, afforded 

a perbenzoate (7), designated 3-benzoyloxy-5-(tri-O-benzoyl-L-th,eo-glycerol-l-yl)py- 

razolin-4-one 4-(2-benzoyl-2-phenylhydrazone). Its infrared spectrum showed an 

ester band at 1740 cm-‘, and the amide band (at 1660 cm-‘) of its precursor was 
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absent. The pyrazole derivative exists as the keto (4) and enol (5) forms. the enol 

form 5 being favored 111 the presence of a base such as pyridinc. 

Periodate oxidation of one mol of compound 4 resulted in the consumption 

of two mol of the oxidant with the formation of 3-formyl-4,5( I tl I-pyrazolinedionc 

4phenylhydrazone (8). Th c infrared spectrum of 8 showed ;1 broad hand al 16x0 ctK ! 

due to the aldehyde and the amide groups. Reduction of compound 8 with sodium 

borohydride afforded 3-( hydrosymcthyl)-J.5( I H)-pyraz~liii~dioi~c ~-phcn~lhydraz~~Ilc 

(9). Acetylation of 9 with boiling acetic anhydride gave .i-(acctc’x4”‘cthyl)-I-acet4’l- 

$%pyrazolincdione ~-phenylhydra~one (10). The infrared spectrum of 10 she\-\cd 

amide absorption at 1660 cm ‘. in addition to an ester band at 1730 cm-~ ‘. 011 tho 

other hand. acctylation of compound 9 with acetic anhydridc and pyrithnc afforded 

5-(3cetoxymctliyl)-3-acetoxypyrazol-~-one ~-(7-acetyl-‘-phen~lhydr:tznnc) (11). Its 

Infrared spectrum showed an ester band at I740 cm ‘, rind thcrc \+a no amide 

absorption. The n.m.r. spectrum of II showed three singlets, each of three-proton 

intensity: the first, at ii 2.0X was due to the 5-(acetoxymethyl) group: the second, 

at 0‘ 2.38, was due to the acetyl group on O-3, deshielded by the heterocyclic ring: and 

the third. at tS 2.68. was attributed to the acctyl group on the hydrazone residue. 

The spectruln also showed a singlet. of two-proton Intensit>, at ~j 5.X (Ctl, group), 

and the phenyl group appcarcd as a multiplet at CS 7.3&7.S?. Similarly, benqk~tlon 

of 9 with benzoyl chloride and pyridine gave the tribenzoyl clerk ativc (12). The mass 

spectrum of compound 12 showed a molecular-ion peak at III,: 530. f~~llowcd by a 

scrics of peaks due to the elimination of the benzoyl group>. 

On condensation 01‘ compound 8 with hydroxylamlnc. ?-formyl-3.5( I I-I)- 

pyrazolinedionc -l-phenylhqdr;lzone 3-oxime (1.3) was obtained. Similarly. when 

aIdehyde 8 \vtls treated with phenyl-, (p-bromophenyl)-, (/,-chloro~~henyl)-. and 

(p-nitrophcny I )-hydra;/lnc. it yielded the corresponding hydrazone\ I& 17 (XX Table 
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TABLE I 

SOME PROPERTIES OF COMPOUNDS 13-19 

Corn- R 
pound 

M.p. Molecular formula Analysis v (cm-l) 
(degrees) ~_~__ 

C HN OH OCN 

13 OH 242-243 CIOHSNSOZ Calc. 51.95 3.92 30.27 3320 1660 
Found 51.74 3.60 29.84 

14 NHCsHs 237-238 CIGHI~NSO Hz0 Calc. 59.26 4.97 1660 
Found 59.16 4.59 

15 NHCGHiBr-p 211-212 ChH13BrN60 Calc. 49.89 3.40 21.80 1660 
Found 50.24 3.62 21.60 

16 NHCaH&I-p 262-263 CM,HI~CIN~O Calc. 56.40 3.84 24.65 1660 
Found 56.74 3.63 24.82 

17 NHGH~NOZ-p 274-275 CMHISN~O~. 0.5 Hz0 Calc. 53.34 3.91 27.20 1660 
Found 53.24 3.96 27.60 

18 NHCONHz 239-240 CUHIINVO~ Calc. 48.35 4.05 35.85 1660 
Found 48.06 4.21 35.62 

19 NHCSNHz 238-239 CIIHIIN~OS Calc. 33.91 1660 
Found 33.46 

4 - P~HNN+~+ - PMNN~H - PWNN~::;.; 
CHO CH20H CHzOAc 

13 R = OH 

14 R = NHPh 

15R = N HCsHqBr - p 

16R = NHC6H4CI-p 

17R = NHC6HqN02-~ 

18R = NHCONH* 

19R = NHCSNH> 

11 R = AC 

12 R = Bz 

10 
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I). Also, it was condcnscd with semicarhwide. and thioscmicurbazitle. to give com- 

pounds 18 and 19, respecti\cly (\ce Table I). 

Reaction of 8 with I,-phcnyleileCii;Llliillc ali;,rdecl the p);ra/olc imidazolc (20): 

its i.r. spectrum showed an NH h:tnd at 3 160 cm ‘. and the amide hand at I hhl) cn- ‘. 

ESPtRlhlFNTAl 

Gct7Ptd tlrf~tl7oc/s. - \lelting points \verc detcrmincd \\,rth ;I Tcrttoli (Biichi) 

apparatus and arc uncorrected. 1.r. spectra were rccordcd with ;I P&ii+Elmer 

5X0 B spectrometer. and ii.m,r. spectra (fbr solutions in chlorcll;;ril~-:/. \\,ith tctra- 

methqlsllane as the standrtrd) with Perkin- Elmer R 17 B and Cumeca 350 spt’ctr-o- 

meters. Chemical shifts are given on fhe (5 scale. Ma53 ,pcctra \\crc rcwrded \vlth a.11 

LKB ‘091 spectrometer; intcnsitles arc gi\t’~t in parcnthescs, ;I\ pcrcltntagc~ ot’thc base 

peak. Microanalyw, \vert‘ performed in the Service C_cntral ~1~~Z~~ly~c &I (‘YRS. 

France. 
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3-Benzoyloxy-S-(tri-O-benzoyl-~-threo-glycerol-l-yl)pyrazolir~-4-one 4-(2-ben- 

zoyl-2-phenylhydrazone) (7). - A solution of compound 5 (0.1 g) in dry pyridine 

(10 mL) was treated with benzoyl chloride (0.2 mL) and kept for 4 days at room 

temperature. The mixture was poured onto crushed ice, and the solid that separated 

was filtered off, successively washed with water and ethanol, and dried (yield 0.1 g). 

Recrystallization from methanol gave compound 7 as yellow needles, m.p. 161-162”; 

vz; 1740 cm-l (ester). 

Anal. Calc. for C,,,H,,N,Os * 0.5 H,O: C, 68.29; H, 4.44; N, 7.96. Found: 

C, 68.13; H, 4.21; N, 8.40. 

3-Farmyl-4,5(1H)-pyrazolinedione 4-phenylhydrazone (8). - A suspension of 

compound 4 (1 g) in water (30 mL) was treated with a solution of sodium meta- 

periodate (2 g) in water (20 mL), and the mixture was kept overnight at room 

temperature with shaking. The resulting solid was filtered off, successively washed 

with water and ethanol, and dried (yield 0.6 g; 74 %). Recrystallization from ethanol 

gave compound 8 as orange needles; m.p. 188-189 ‘; vzt; 1680 cm-’ (COH and OCN). 

Anal. Calc. for C,,H,N,O, * 0.5 H,O: C, 53.33; H, 4.03; N, 24.86. Found: 

C, 53.55; H, 4.00; N, 24.72. 

3-(Hydroxymethyl)-4,5(IH)-pyrazolinedione I-pherl~lNz),drazone (9). - A solu- 

tion of compound 8 (0.2 g) in methanol (20 mL) was treated with a solution of sodium 

borohydride (0.3 g) in water (10 mL), added in small portions with occasional 

shaking. The solution was acidified with acetic acid, and the solid that separated was 

filtered off, successively washed with water, ethanol, and ether, and dried (yield 

0.1 g). It was recrystallized from ethanol, to give yellow needles, m.p. 178-179 ‘; 

vkr; 3450 (OH) and 1660 cm-’ (OCN). 

Anal. Calc. for C,,H,,N,O,: C, 55.04; H, 4.62; N, 25.66. Found: C, 55.03; 

H, 4.56; N, 25.84. 

3-Acetoxymethyl-I-acetyl-4,5-pyrazolirledione 4-phenylhydrazone (10). - A 

suspension of compound 9 (0.1 g) in acetic anhydride (5 mL) was boiled under reflux 

for 1 h. The mixture was poured onto crushed ice, and the product that separated 

was filtered off, successively washed with water and ethanol, and dried (yield 60 mg). 

Recrystallization from ethanol gave compound 10 as yellowish-orange needles, m.p. 

153-l 54 ‘; vKBr 1740 (OAc) and 1660 cm- ’ max (OCN); ‘H-n.m.r. data (CDCl,): 6 2.08 

(s, 3 H, OAc), 2.52 (s, 3 H, NAc), 5.16 (s, 2 H, methylene), and 7.3-7.65 (m, 5 H, 

phenyl). 

Anal. Calc. for C,,H,,N,O,: C, 55.63; H, 4.66; N, 18.52. Found: C, 55.59; 

H, 4.68; N, 18.32. 

5-(Acetoxymethyl)-3-acetoxypyrazol-4-one 4-(2-acetyl-2-pheq#lydrazone) (11). 

- A solution of compound 9 (0.1 g) in dry pyridine (10 mL) was treated with acetic 

anhydride (10 mL), and the mixture was kept for 4 days at room temperature, 

and poured onto crushed ice. The solid that separated was filtered off, successively 

washed with water and ethanol, and dried (yield 50 mg). Compound 11 was re- 

crystallized from ethanol-benzene; yellow needles, m.p. 125-126”; ~2:: 1740 cm-’ 

(ester); m/z 219 (12), 218 (loo), 201 (18), 200 (44), 189 (20), 172 (38), 172 (66), 



160 (IO), 159 (IO). 143 (93). 142 (ZO), 141 (60), 131 (IX). I’6 (-!9). I I6 (36), I I5 

(36), 111 (10). 105 (36). 104 (24). Y,Y (,?I). 92 (46). 91 (IO). X3 (301, 7X (26). 77 (X0). 

and 55 (43). 

.-l~/. Cab for C,,,H,,N,O,: C. 55.81; H. 1.68: N. 16.X. Found: C. 55.40; 

H, 4.33: N, 16.64. 

.?-( &tJZO L’/O.~_l~ttll~t/l~~ I)- 3-h’tJ.T_dO \->.jl~l’l.Ud- 4 - OJJc’ 4-f _?-hL’/?~O~ /-:-/thcVl Iih_Vt/tU - 

:otJc) (12). ~- A solution of 9 (0. I f) in dry pyridine (IO nl L) wab trsated 0ltil t)tmz+I 

chloride (0.1 g), and the mixture was kept for 1 day:, at room temperature, and 

poured onto crushed ice. The solid was tiltercd of‘f, washed successively with \vatc~ 

and ethanol, and dried (yield 40 mg). Compound 12 was recrqstallizeJ finm ethanol: 

yellow needles. m.p. 157 -I 5X : ’ H-n.m.r. data (CDCI,): A -I.71 (s. 2 II. methylcns). 

7.16-X.12 (m, 20 H, 4 phenql); />I,:: 531 (XI), 530 (30). -1X (IS). 175 (100). 411 f-72). 

-/IO (50), 3% (I’). 347 (I’,, 363 (LO), 3” (~70), 331 (6X), 304 (::!I, 276 (-IS). ?-+S (-M)> 

317 (50). 200 (461, 196 (WI, IS0 (38). 170 (S’), I43 (2-1). I-‘1 (761, IO6 rsl). IO5 (90). 

92 (70), 91 (X8), 77 (80). hS (60), and hl (90). 

.-l~r/. Calc. for C,,H,,N,O, . 0.5 H,O: c‘, 6X.88; H, -!.29: N. IO.%. Found: 

C, 69.‘7: H. 4.28; N. 10.56. 

I’~~~~ccolc~ it~zickcde dcriwtiw (20). ~-~ A solution of8 (0.1 g) in ethanol (XI mL) 

b\as lrcated with n-phenplencdiamin~ (0. I g) in ethanol (?(J 1r1L) contaimng a fc\\ 

drops of acetic acrd. The mixture was boiled under rcilu,x. and cooled to room 

temperature, and the solid was tiltcred off, ~vt~ahecl with ether. anti drird (y~c‘ld 20 mg). 

Compound 20 crystallized from methanol in orange needles. m.p. 7.3%2-M : ri,!:J 

1660 cm- ’ !OCN ). 

.-ltd Cnlc. for C,,H,,N,O: C, 61.74: H, -1.60: N, 27.41. F~oumi: C. 61.40; 

H, 4.32: N. 27.00. 
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